Previous studies (Dixon 1961a (Dixon , 1962a were concerned with sensory nerve terminations in the oral mucosa and the position, incidence and origin of these receptors were discussed. The work was extended to include some aspects of the innervation of the lip and temporomandibular joint (Dixon 1961b (Dixon , 1962b and similarities were noted in each region, notably with regard to nerve fibre structure and arrangement. The present paper deals with subsequent developments in this area of research, especially with the structure and composition of nerve pathways associated with oral tissues. Optical and electron microscope studies of various oral tissues were combined with an investigation of the fine structure of the trigeminal ganglion. An attempt was made to correlate the morphologic appearances which were displayed by these diverse techniques. It was hoped that the findings would contribute to an even fuller understanding of the mechanisms of oral innervation, in particular the trigeminal pathway.
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Materials and Methods
Methylene blue and silver impregnation methods (Dixon 1961a ) were used to study neural elements in selected parts of the oral mucosa and subjacent tissues from 45 normal animals, including 20 monkeys. Fifty animals, rabbits and monkeys, were subjected to a variety of operative procedures, involving division of main branches of the trigeminal nerve and the autonomic nervous supply to the lining of the oral cavity. Tissues from these animals were stained by the silver impregnation technique or an osmium tetroxide method (Dixon 1957) . A method for the histochemical demonstration of cholinesterases (Coupland & Holmes 1957) was used in a small number of palates taken from cats and monkeys.
Thick sections (40-50[L) were employed routinely.
For electron microscopy trigeminal ganglia from growing rats, palatal tissue from cats and monkeys, and normal human dental pulp were fixed in buffered osmium tetroxide (Dixon 1963) .
Results
Despite the great value of methylene blue and silver impregnation methods in establishing the topographical features of nerve plexuses, the results were subject to a degree of inconsistency, particularly in attempts to distinguishbetween the somatic and autonomic fibre content of mucosal nerve bundles. In silver-impregnated serial sections adjacent sections were often stained quite differently and any clear distinction between myelinated and unmyelinated fibres was lost. In addition, the results were governed by staining artifacts, which could not be ignored even when they were of limited occurrence.
The osmium tetroxide method was used in an attempt to overcome these problems, for it appeared to differentiate somatic from autonomic fibres distinctly and with greater constancy. Myelinated fibres were recognized by their welldefined myelin sheaths and nodes of Ranvier, while unmyelinated fibres presented as a succession of fine, beaded or smooth lines. Unmyelinated fibres were observed most often as perivascular nets, which outlined the vessel wall ( Fig 1) or formed fine bundles alongside the vessel, when the latter was sectioned longitudinally. In the fibre tracts of the deeper nerve plexuses a mixture of myelinated and unmyelinated fibres was found. From mixed bundles single beaded fibres were traced to a terminal association with small blood vessels.
An experimental investigation into the composition of oral nerve plexuses was designed to substantiate the belief that the osmium tetroxide method had stained somatic and autonomic nerve fibres selectively. Branches of the maxillary or mandibular divisions of the trigeminal nerve which supplied the lip region were sectioned surgically and labial tissues were examined for evidence of degeneration during a fourteen-day post-operative period. By the eighth day exten- sive degeneration of myelinated fibres was seen, with fragmentation of their myelin sheaths. By the fourteenth day it was difficult, or impossible, to stain myelinated nervous elements on the operated side. Similar results followed in palatal tissues, after cautery or avulsion of the nasopalatine and palatine nerves.
Degeneration of the fine, beaded fibres followed cervical sympathectomy. As much as possible of the cervical sympathetic trunk was removed and the superior cervical ganglion was avulsed, sectioned and stained to confirm its identity. After twenty-four hours fragmentation of beaded nerve fibres was observed and degeneration was complete within ten days of operation. No evidence of regeneration was seen in the series of animals, some of which were allowed to survive for a hundred days after sympathectomy.
It was noted that complete degeneration of peripheral autonomic fibres did not always follow an apparently complete denervation of the part being studied and the probability that a proportion of the persisting nerve fibres belonged to the parasympathetic component of the autonomic system was considered. A technique for the demonstration of cholinesterase activity wasused to confirm this probability, but both somatic and autonomic elements appeared to be stained by the method (Fig 2) . In electron micrographs of healthy human dental pulp, myelinated fibres and bundles of unmyelinated fibres were seen in close proximity to one another (Fig 3) . However, it was difficult to obtain pulpal tissue free of damage and with sufficient rapidity for ideal fixation. Consequently, trigeminal ganglia from young rats were used as a convenient source of nerve fibres, identical to those found in oral tissues. Nerve fibres of 2-4[i diameter were observed in transverse and longitudinal section. In each fibre a distinct myelin sheath was surrounded by Schwann cell cytoplasm and contained an axon which showed mitochondria and abundant neurofilaments (Fig 4) . Higher magnifications of the myelin revealed its major periodicity of 100-120 A ( Fig 5) , identical to that described by other workers in peripheral nerve fibres.
In addition to the profiles of collagen fibrils, which were dispersed throughout the tissue between adjacent myelinated fibres, groups of smaller unmyelinated nerve fibres were seen (Fig 4) . Sometimes as many as 20 unmyelinated fibres were contained in the invaginations of the surface membrane of a Schwann cell, whose cytoplasm was greatly reduced in amount as a result. A surprisingly large number of unmyelinated axons was observed in the ganglion, although no quantitative estimation of their number was made.
In the soft palate of cats and monkeys nerve bundles were found in the submucous tissues, which contained similar myelinated and unmyelinated nerve fibres (Fig 6) . These fibres had a structure identical to those of the trigeminal ganglion and were enclosed in distinct perineural sheaths and supported by endoneurial collagen fibrils.
Discussion
While it cannot be claimed that any of the neurohistological techniques which were used in the investigations is ideal when used alone, nevertheless the osmium tetroxide method was of considerable value in overcoming some of the interpretation difficulties associated with methylene blue and silver preparations. In the experimental series the persistence of fine, beaded nerve fibres, particularly in the form of perivascular plexuses towards the anterior part of the palate on the 'denervated' side, was an interesting finding. Several of the possibilities which might have accounted for this persistence of autononmic fibres after unilateral cervical sympathectomy are illustrated (Fig 7) .
Total sympathetic denervation may not have been achieved. If parts of the sympathetic trunk in the neck (Fig 7: 1) were not removed completely then postganglionic fibres (Fig 7: 2) from the remaining part could have travelled to the oral mucosa via the common carotid artery and its branches. In view of the care exercised to obtain complete removal of the cervical sympathetic trunk, particularly in monkeys, this does not appear to be a likely possibility. Also, when the common carotid artery was ligatured and divided, to exclude this alternative route, fine beaded fibres still persisted in the palate area.
Variable and asymmetrical intermediate autonomic ganglia (Fig 7: 3) may exist which would escape removal in routine cervical sympathectomy. Elsewhere, these ganglia act as relay centres from which postganglionic fibres follow a recurrent course into spinal or visceral nerves, or they may pass directly to adjacent vessels and be distributed with them (Mitchell 1956) . Intermediate ganglia were thought to account for some of the imperfect results which followed paravertebral sympathectomy (Ehrlich & Alexander 1951) . However, postganglionic fibres from intermediate ganglia in the cervical region are distributed mainly to the upper limb (Mitchell 1956) and their existence is unlikely to have influenced the current experiments.
The cervical sympathetic trunk may have been duplicated in some animals or a separate trunk may exist in the more anterior part of the neck (Fig 7: 4) . This pathway might vary in its position in different species and would not have been interrupted in the experiments. Communications across the midline of the neck would have a similar effect.
An overlap of sympathetic fibres in the midline of the palate is to be expected from the anastomosis of vessels which takes place in this region, especially in the anterior part of the hard palate (Fig 7: 5) . Also, the intermingling of mesodermal tissue of the palatal processes during development may predispose towards some decussation of autonomic fibres. This seemed to be the most likely explanation for the persisting nerve fibres.
Parasympathetic fibres probably exist in the oral mucosa, but the methods used in this investigation did not provide a satisfactory means for their identification. They could enter the 'denervated' side from appropriate ganglia (Fig 7:  6) and give rise to the appearance of persisting autonomic fibres. In comparable studies of submaxillary gland tissue of rabbits, after cervical sympathectomy, Cruz (1962) concluded that the osmium tetroxide method stained both sympathetic and parasympathetic fibres, for reasons unknown.
The occurrence of a significant number of unmyelinated fibres in the trigeminal ganglion suggests that still other routes for an autonomic supply to the blood vessels and glands of oral tissues may exist. Some of these pathways, several of which are admittedly of a hypothetical nature, are illustrated (Fig 8) .
Myelinated nerve fibres in peripheral branches of the trigeminal nerve pass centrally from nerve terminations in the oral mucosa, have their cell (Fig 8: 1) in the substance of the ganglion, and terminate within the brain stem. Likewise, unmyelinated afferent fibres may pursue a similar colirse-with: cell stations (Fig 8: 2) within the ganglion. These fibres may be associated with painful stimuli and would be comparable to the visceral afferent fibres of spinal ganglia (Crosby et al. 1962) . Some evidence for the existence of two cell types in the trigeminal ganglion has accumulated from electron microscope studies (Dixon 1963) . Pale and dark cells have been recognized by the degree of electron density of the cytoplasm, imparted by organelles and inclusions. Similar differences in cytoplasmic density can be seen in routine histological and cholinesterase preparations.
Unmyelinated fibres (Fig 8: 3) which pass towards the periphery may arise as an additional outflow from the brainstem, comparable to the parasympathetic vasodilator fibres which are thought to form synapses in dorsal root ganglia (Mitchell 1956) . Postganglionic sympathetic fibres (Fig 8: 4 , 5) are known to pass through the trigeminal ganglion and have their cell bodies in the superior cervical ganglion, or in groups of ganglion cells in the sympathetic nerve plexus of the cavernous sinus. These fibres are inconstant, according to some authors (Lazorthes 1949) , but it seems probable that many of the unmyelinated fibres seen in the trigeminal ganglion were derived from these sources.
It is appreciated that some of the nerve pathways which are postulated above are conjectural, without additional evidence. Experiments which would solve these problems are fraught with technical difficulties. However, it is hoped that the work will be continued in this direction and our knowledge of the trigeminal pathways increased.
